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ABSTRACT 
During the recent cooldown of the Central Liquefier some data 

were logged which can be compared to model calculations of lique- 
fier performance. The cooldown began about midnight on April 18 
and continued for approximately 14 hours. During this period, 
the heat exchangers of the liquefier were cooled at the rate of 
2.2 x 10-3 to 3.6 x 10'3"K/sec. The computer program CENTRAL 
described in TM-967 was used to simulate the cooldown. In this 
report, the results of the simulation are compared with the data 
taken during plant operation. 

METHOD OF ANALYSIS 
The thermal characteristics of the heat exchangers in the 

Central Liquefier are summarized in Figure 1. The plant operat- 
ing data shown in Figures 2 and 3 were used to estimate the 
cooling rate g for each heat exchanger; The value of g during 
cooldown was used with the mass of each heat exchanger and the 
specific heat of aluminum to determine time-dependent heat loads 
at each temperature level. These heat loads are summarized in 
Figure 4. 

Please refer to Figures 1 and 2 of TM-967 for a flow diagram 
'of the liquefier and a drawing which shows the control room instru- 
mentation. The normal flow path of helium through the turbo- 
expanders unbalances the heat exchangers (except HX8) of the lique- 
fier to produce refrigeration for cooldown. Additionally, helium 
was taken from process point 17 in the plant and returned to com- 
pressor suction after heating to room temperature. 

The simulation produced TS diagrams for the liquefier. Five 
of these are shown in Figures 5 through 9. The operating condi- 
tions for the plant are given at four-hour intervals beginning two 
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hours after the start of the cooldown. The cooling rate used 
during actual operation of the plant was the input to this simu- 
lation. This gives the time dependence of the turbine operating 
temperatures. The time-dependent heat loads at each temperature 
level are determined by the heat capacity of the heat exchangers. 
The computer program CENTRAL was used to calculate temperature 
values throughout the liquefier and the mass flow at all points 
in the plant. The program calculated the enthalpy of helium at 
each process point and these values were part of the program's 
output. 

DISCUSSION OF THE COMPUTER RESULTS 
The data taken during plant operation can be compared to the 

computer output in order to verify that the computer program 
correctly predicts the liquefier performance. A number of unphys- 
ical conditions are evident 'in the data logged. The recorded 
inlet temperature of the Tl turbine is lower than the exit tem- 
perature beginning at 0630. The same effect is found at 0630 
for the T2 turbine. Besides these problems with the instrument 
readings, the flow of liquid nitrogen was not used very effec- 
tively to maintain the temperatures at process points 3 and 4. 
Generally, the simulated cooldown agrees with the operating data 
although more frequent sets of readings would be desirable. In 
the future, the turbine efficiencies can be determined at the 
operating conditions if the inlet and exit temperatures are 
measured. 

CONCLUSIONS 
During the cooldown of April 18, the turboexpanders were 

not being operated at full capacity so it is evident that the 
plant could be cooled to helium temperature in less than 14 
hours. More computer runs could determine the optimum cooldown 
procedure; however, it is clear that a more rapid cooldown would 
result if the compressors were operating at full discharge pres- 
sure from the outset. 
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The heater, used to remove helium at process point 17, is a 
load on the refrigeration system. Also, because main flow 
passes through the high pressure side of HX2, taking helium out 
the heater unbalances HX2 in the wrong direction for rapid cool- 
down. If manual by-pass valves (HV186, HV187, HV188) are con- 
figured properly, the helium flow in the low pressure side of 
HX8 can be rerouted from process point 16 directly to point 14. 
This change in operating procedure would speed up the cooldown 
and would avoid the use of the heater during cooldown. 

The simulation results shown in Figure 9 indicate that the 
plant can make 2919 liters per hour of liquid helium using 758.4 
grams per.second of compressor flow. On page 5 of the Central 
Liquefier Log Book II, it appears that this output of liquid 
helium required 920 grams per second of main flow (a differen- 
tial pressure of 16.4 inches water corresponding to 11,000 scfm 
helium). This measured main flow is 20 percent greater than the 
computed value. An extrapolation to maximum capacity requires 
assumptions about the performance of the liquefier components at 
higher mass flow. If the operating efficiencies remain unchanged 
at higher mass flow, the maximum capacity which can be expected 
from the Central Liquefier is the design value of 4875 liters per 
hour multiplied by the ratio 768/920. 

The computer program CENTRAL appears to reproduce the 
behavior of the plant; however, comparisons with data which are 
taken more systematically would be desirable. The calculations 
which were made to obtain the data contained in this report 
required approximately 5 seconds of computer time so a simulated 
cooldown for study can be completed quickly. 
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Properties of Heat Exchangers 

Heat Exchanger Weight Heat Exchanger 
Module (kg) Number (watK/OK) 

El6 1950 HP1 98 331 
HXlA 21 576 

El7 1996 Hx2 94 550 
Hx3 8 088 
Hx4 75 681 

El8 1814 I-Ix5 69 596 
HX6 33 207 

El9 726 Hx7 29 759 
HX8 6 679 

Figure 1. 
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Simulation Input 

Heat Loads during Cooldown (kW) 

Heat Exchanger 2 (OK/set) 0200 HRS 0600 HRS 1000 HRS 1400 HRS 

Hx2 
Hx3 
Hx4 
Hx5 
EM6 
Hx7 
Hx8 

2.2 x 10'3 3.80 3.67 3.51 3.13 
3.4 x 10'3 1.82 1.60 1.19 0.48 
3.2 x 1O-3 1.50 1.22 0.60 0.20 
3.4 x 10-3 1.65 1.30 0.64 0.20 
3.2 x 1O-3 2.05 1.52 0.82 0.10 
3.4 x 10-3 2.18 1.62 0.65 0.10 
3.4. x 10'3 0.87 0.52 0.05 0.05 
3.6 x 1O-3 0.92 0.62 0.10 0.10 

Figure 4 
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Figure 8. 
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Figure 9. 
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